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5 BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The invention relates to microcontrollers and computer systems, and more 
particularly to microcontrollers which need to select a clock from a variety of possible 
clock sources. 

10 2, Description of the Related Art 

Specialized microcontrollers with integrated communication features are 
becoming particularly attractive for communications applications. A microcontroller, or 
an embedded controller, is uniquely suited to combining functionality onto one 
monolithic semiconductor substrate (i.e. chip). By embedding various communication 

15 features within a single chip, a communications microcontroller may support a wide 
range of communication applications. 

Microcontrollers have been used for many years in many applications. A number 
of these applications involve communications over electronic networks, such as telephone 
lines, computer networks, and local and wide area networks, in both digital and analog 

20 formats. In communications applications, a microcontroller generally has a number of 
integrated communications peripherals in addition to the execution unit. These can be 
low and high speed serial ports, as well as more sophisticated communications 
peripherals, such as a universal serial bus (USB) interface, and high level data link control 
(HDLC) channels. 
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For high-speed communications that use frames of data, HDLC channels are 
especially well suited. An HDLC channel transmits and receives frames based on the 
HDLC format. This format uses flags to determine the start and stop of a frame, and uses 
"bit stuffing" to maintain data transparency. An HDLC channel, however, is a general 
5 purpose device, and can be employed to implement a number of communications 
protocols, such as the serial circuit interface (GCI) protocol (similar to an IOM-2 
protocol) sometimes used for ISDN (integrated services digital network) communications 
(similar to the IOM-2 protocol), a pulse coded modulation (PCM) highway protocol, as 
well as raw data communications equipment (DCE) formats. These formats are 

10 synchronous communication protocols that may or may not include a separate clock. 

But communications employing the HDLC format can be further implemented 
within time slots of a lower level time division multiplexed framing protocol, such as a 
Tl or El protocol. This protocol employs 24 or 32 time slots of 8 bits each, and each 
time slot could be used to carry different communications data, even in different formats. 

15 In such protocols, the time slots are determined based on a frame sync signal, which can 
be embedded in the data stream, be embedded in a clock stream, or even a separate signal, 
depending on the communications protocol Each such time slot, for example, could be 
implemented to carry a separate HDLC channel of data. 

Further, a time slot assigner (TSA) can be coupled in a microcontroller to an 

20 HDLC channel for slot-level placement of the HDLC data on the external communication 
path. Such a TSA determines the start of a programmed time slot relative to the frame 
sync. This could be to provide the HDLC data within a particular time slot, or to further 
implement some sort of protocol that employs its own time slots, such as the protocol 
used for ISDN. In the GCI protocol, a frame is subdivided into two 8-bit B channels and 

25 a 2-bit D channel, which form two separate 8-bit and one 2-bit "slot" within a 
communications frame on the GCI bus. 

More generally, a time slot assigner (TSA) typically supports the isolation of 8-bit 
slots from 0 to 155 on a standard 8-kilohertz time division multiplexed (TDM) frame. 
This supports a variety of TDM buses, including GCI, El, Tl, PCM highway, and others. 

30 Of course, other length frames, other speeds, and other numbers of slots can be supported 
as well. 

Support for multiple communications protocols has typically implied multiple 
clock sources are present. For a processor-based device, when a clock source from a 
number of clock sources must be selected for a clock line, clock glitches, unwanted signal 
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transitions or edges on the clock line, often very short, have commonly occurred on the 
clock line during switching of a clock source to the clock line. The timing of processor- 
based devices thus has been susceptible to such clock glitches. Clock behavior has been 
particularly critical for processor-based devices that support multiple data communication 
5 protocols such as those described above. 

SUMMARY OF THE INVENTION 

A clock switching technique for a processor-based device allows selecting an 
input clock signal from two clock sources. A clock select signal controls a clock source 
selection logic that selects an input clock signal onto an output clock line. The two clock 

10 sources are asynchronous to each other and to the clock select signal. The output clock 
line is guaranteed to be glitch free. The technique is independent of the two clock source 
frequencies as well as the clock select signal frequency and the system clock frequency. 

One advantage of this clock switching technique is that the circuit design is 
synchronous in nature and easy to implement. In a system that has multiple sources of 

15 clocks, this technique provides a flexible system, simplifying the design of the clock 
switching circuit. A further advantage is that the period of time after the clock source 
selection logic switch occurs can be scaled independently of the number of input clock 
sources. Further, the clock selection technique works independently of the frequency of 
any of the clock sources or system clock frequency. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be obtained when the 
following detailed description of the preferred embodiment is considered in conjunction 
with the following drawings, in which: 

Figure 1 is a block diagram of an exemplary microcontroller M containing an 
25 embodiment of the present invention; 

Figure 2a is a block diagram of an embodiment of an exemplary clock switching 
circuit C contained in the microcontroller M of Figure 1; 

Figure 2b is a block diagram of an embodiment of an exemplary clock switching 
circuit C as synthesized from a Verilog RTL description of the clock switching circuit C 
30 of Figure 2a; 

Figure 2c is a block diagram of an embodiment of the exemplary clock switching 
circuit C of Figure 2a, using a different polarity; 
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Figure 3 is a timing diagram for switching between clock signals using the 
exemplary clock switching circuit of Figure 2b where the first clock frequency is lower 
than the second clock frequency; 

Figure 4 is an expanded view of the timing diagram of Figure 3; and 
5 Figure 5 is a timing diagram for switching between clock signals using the 

exemplary clock switching circuit of Figure 2b where the first clock frequency is higher 
than the second clock frequency. 

DETAILED DESCRIPTION OF INVENTION 

Turning to Figure 1, shown is a block diagram of a typical microcontroller M 

10 implemented according to the invention. Such a microcontroller is preferably 
implemented on a single monolithic integrated circuit. 

The microcontroller M preferably includes an internal bus 100 coupling an 
execution unit 124, system peripherals 174, memory peripherals 176 and serial 
communication peripherals 172. The execution unit 124 in the disclosed embodiment is 

15 compatible with the Ami 86 instruction set implemented in a variety of microcontrollers 
from Advanced Micro Devices, Inc., of Sunnyvale, California. A variety of other 
execution units could be used instead of the execution unit 124. The system peripherals 
174 include a watch dog timer (WDT) 104 for generating non-maskable interrupts 
(NMIs), microcontroller resets, and system resets. An interrupt controller 108 for 

20 supporting thirty-six maskable interrupt sources through the use of fifteen channels is also 
provided as a system peripheral. One disclosed system peripheral is a three-channel timer 
control unit 112, The timer control unit 112 includes three 16-bit programmable timers. 
Another system peripheral is a general-purpose direct memory access (DMA) unit 116 
with four channels 0-3. A programmable I/O unit 132 of the microcontroller M supports 

25 user programmable input/output signal (PIOs). In the disclosed embodiment, forty-eight 
PIOs are provided. 

The memory peripherals 176 of the disclosed microcontroller include a DRAM 
controller 170, a glueless interface 168 to a RAM or ROM, and a chip select unit 126. In 
the disclosed embodiment, the DRAM controller 170 is fully integrated into the 
30 microcontroller M. Also in the disclosed embodiment, the chip select unit 126 provides 
six chip select outputs for use with memory devices and eight chip select outputs for use 
with peripherals. 
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A low speed serial port implemented as a universal asynchronous 
receiver/transmitter (UART) 136 is provided as a serial communication peripheral The 
low speed UART 136 is typically compatible with a standard 16550 UART known to the 
industry. Another serial communication peripheral in the disclosed embodiment is a 
5 synchronous serial interface (SSI) 140. Preferably the microcontroller M acts as a master 
in the synchronous serial interface 140, which is a standard synchronous serial channel. 

The microcontroller M in the disclosed embodiment is particularly well suited to 
communications environments. To this end, the serial communication peripherals 172 of 
the microcontroller M include a number of high speed communication controllers, 

10 including a High-level Data Link Control (HDLC) controller 144, a Universal Serial Bus 
(USB) controller 146, and a high speed serial port (HSUART) 148. The disclosed HDLC 
controller 144 provides four HDLC channels 164. The HDLC channels 164 and the USB 
controller 146 can be written to and read from by a "SmartDMA'' unit 150, a unit which 
provides for chained buffers that are accessed via pairs of DMA channels. The 

15 SmartDMA unit 150 allows for a high degree of packetized transfer without excessive 
execution unit 124 intervention. The SmartDMA unit 150 preferably consists of four 
SmartDMA controllers, SmartDMA0-3, that each consists of a pair of DMA channels. 

The HSUART 148 serves to form an asynchronous serial link across a bus to 
devices external to the microcontroller M. The asynchronous nature indicates that the 

20 HSUART 148 does not provide a separate clock signal to clock the data. Instead the rate 
at which data is sent and received must be predetermined or determined through 
autobauding and independently controlled on sending and receiving ends. This data rate 
is known as the baud rate. It should be understood that the microcontroller M may 
include multiple HSUARTs 148. 

25 The disclosed HDLC controller 144 also includes an interface multiplexer 162. 

This multiplexer 162 couples the four HDLC channels 164, four time slot assigners 
(TSA) 166, and a number of external buses. Specifically, using the time slot assigners or 
otherwise, the HDLC channels 164 can be selectively coupled to a pulse code modulation 
(PCM) highway, a general circuit interface (GCI), a data carrier equipment (DCE) serial 

30 interface, and other general and specific external communication interfaces that often use 
packetized communication. Further, the HDLC channels 164 support HDLC, SDLC, 
Link Access Procedures Balanced (LAPB), Link Access Procedures on the D-channel 
(LAPD), and PPP, and as noted above, each include an independent time slot assigner 
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166 for assigning a portion of a serial frame to each HDLC for isochronous 
communication. 

The techniques and circuitry according to the invention could be applied to a wide 
variety of microcontrollers and other similar environments. The term "microcontroller" 
5 itself has differing definitions in industry. Some companies refer to a processor core with 
additional features (such as I/O) as a "microprocessor" if it has no onboard memory, and 
digital signal processors (DSPs) are now used for both special and general-purpose 
controller functions. As here used, the term "microcontroller" covers all of the products, 
and generally means an execution unit with added functionality all implemented on a 
10 single monolithic integrated circuit. 

Turning to Figure 2a ? a block diagram is shown of an exemplary embodiment of a 
clock switching circuit C contained in the microcontroller M. One skilled in the art will 
recognize that the microcontroller M can contain multiple clock switching circuits C 
without departing from the spirit of the invention. 
15 A first clock signal CLK1 is connected to a first clock source. A second clock 

signal CLK2 is connected to a second clock source. The CLK1 and CLK2 signals are 
asynchronous to each other. CLK1 and CLK2 can have any phase and frequency 
relationship to each other useful for the microcontroller M In other words, CLK1 can 
have a frequency that is lower, higher, or the same as CLK2, and CLK1 can be in phase 
20 or out of phase with CLK2. 

A CLK_SEL signal is used to indicate which of CLK1 or CLK2 is to be selected 
onto the CLKOUT line. The CLK_SEL signal is also asynchronous to the CLK1 and 
CLK2 signals. In one embodiment, the CLKSEL signal is implemented as a user 
programmable bit that can dynamically be changed under software control. In another 
25 embodiment, the CLKSEL signal is a signal generated from another logic block. 

A first system reset signal RST1JL and a second system reset signal RST2JL can 
be used to reset flip-flops 1 14- 11 6 and 124-126, respectively, to prevent meta-stability of 
the clock switch mechanism. The RST1L signal is synchronous with the CLK1 signal 
and the RST2JL signal is synchronous with the CLK2 signal. The synchronization of the 
30 RST1_L signal with the CLK1 signal and the synchronization of the RST2_L signal with 
the CLK2 signal are not shown. 

The CLKOUT output clock line is the output signal onto which one of the CLK1 
signal or the CLK2 signal is selected depending upon the value of the CLK_SEL signal. 
In one embodiment, a buffer 136 buffers an internal clock line 135 onto the CLKOUT 
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line. The buffer 136 can be implemented based on a predetermined timing requirement, 
such as a clock skew goal using any method of clock tree synthesis or clock layout 
requirement of the design. 

The clock switching circuit of Figure 2a contains three blocks. Block 110 (lower 
5 synchronization stage) synchronizes the CLKSEL signal with the CLK1 signal. Block 
120 (upper synchronization stage) synchronizes the CLKSEL signal with the CLK2 
signal. Each of the synchronization stages uses a feedback signal generated by the other 
synchronization stage to perform the synchronization by gating the CLK_SEL signal and 
the feedback signal together. The effect is to synchronize the CLKSEL signal with both 

10 of the CLK1 and CLK2 signals, without any required frequency or phase relationship 
between any of CLK_SEL ? CLK1, or CLK2. In addition, the feedback signal of the 
upper synchronization stage is used to trigger the selection logic of Block 130, which 
selects one of the CLK1 or CLK2 signals onto the CLKOUT line. The output feedback 
signal of the lower synchronization stage is also used to gate the CLK1 signal input to the 

15 selection logic of Block 130. 

Block 1 10 contains an AND gate 1 12 and two flip-flops 1 14 and 1 16. Block 120 
contains an OR gate and two flip-flops 124 and 126. One skilled in the art will recognize 
that blocks 110 and 120 are scalable by adding additional flip-flops in series with flip- 
flops 114-116 and 124-126 to achieve any desired delay between a change in the 

20 CLKSEL signal and switching the signal gated to the CLKOUT signal. 

As shown in Figure 2a, block 130 contains an AND gate 132 connected to the 
output of flip-flop 116 and the CLK1 signal. Further, a multiplexer 134 is connected to 
the output of the AND gate 132 and the CLK2 signal, switching those inputs onto the 
CLKOUT line. As shown in Figure 2a, the output of multiplexer 134 is an internal clock 

25 135, which is input to a buffer 136, producing a buffered output clock line CLKOUT. 
One skilled in the art will recognize that the block 130 can be implemented without the 
buffer 136 or with multiple levels of buffering using buffer 136 of varying drive sizes and 
strength to achieve clock timing goals of the chip. The multiplexer 134 is switched under 
the control of a sync clkl sel signal. As shown in Figure 2a, switching of multiplexer 

30 134 is effected only when both inputs of the multiplexer 134 are low. One skilled in the 
art will recognize that switching can also be effected when both inputs of the multiplexer 
134 are high by changing the polarity of each of the blocks 110 and 120. 

Flip-flops 1 14 and 124 are triggered off of the positive or rising edge of the CLK1 
signal and CLK2 signal, respectively. Likewise, flip-flops 116 and 126 are triggered off 
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the negative or falling edge of the CLK1 signal and the CLK2 signal, respectively. The 
output of the flip-flop 116 is a sync_clkl_enb feedback signal, which is used as an input 
to the OR gate 122 in block 120. The output of the flip-flop 126 is a sync_clkl_sel 
feedback signal which is used as an input signal to the AND gate 112. The 
5 syncclklenb signal, together with the CLK1 signal, is also input to AND gate 132 in 
the selection block 130. The sync_clkl_sel signal is also used to trigger the multiplexer 
134 of the selection logic 130. 

Figure 2c shows an alternate configuration in which flip-flops 114 and 124 are 
triggered off of the negative or falling edge of the CLK1 signal and CLK2 signal, 

10 respectively, and where flip-flops 116 and 126 are triggered off of the positive or rising 
edge of the CLK1 signal and the CLK2 signal, respectively. In addition, a NAND gate 
232 is used instead of the AND gate of Figure 2a. 

In the following, the terms deasserted low, deasserted high, asserted low, and 
asserted high are used. One skilled in the art will recognize that the term deasserted low 

15 describes a signal that is in a logical OFF state when at a low voltage level. The term 
deasserted high describes a signal that is in a logical OFF state when at a high voltage 
level Likewise, the term asserted low describes a signal that is in a logical ON state 
when at a low voltage level and the term asserted high describes a signal that is in a 
logical ON state when at a high voltage level. Conventionally, the term asserted without 

20 a modifier indicates a signal that is in a logical ON state when at a high voltage level, i.e., 
asserted high. Likewise, the term deasserted without a modifier indicates a signal that is 
in a logical OFF state when at a low voltage level, i.e., deasserted low. 

When CLKJSEL is asserted high, the sync clkl sel signal, which is always 
asserted at the negative edge of CLK2, will be high after at least half a CLK2 cycle later. 

25 During this time, the CLK2 signal is in a low state. For example, in Figure 5 at time Tl, 
the CLKSEL signal is asserted high. As can be seen in the timing diagram, the 
sync__clkl_sel signal is then asserted at time T2, in this case a little over one complete 
CLK2 cycle later, at the negative edge of CLK2. The clock-to-Q delay of the flip-flop 
126, whose output controls the select line of the multiplexer 134, is typically much 

30 greater than the cell and interconnect delays, hence no race condition could happen 
between the select and input signals of the multiplexer 134. This is because both inputs 
to the multiplexer 134 are asserted low prior to when the sync_clkl_sei signal changes its 
value. In Figure 5, at time T2, all of the CLK1, CLK2, and sync_clkl_enb signals are in 
a low state, thus both inputs to the multiplexer 134 are in the low state. Both inputs of the 
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multiplexer 134 are guaranteed to be asserted low whenever sync_clkl_sel changes, 
therefore no glitches occur on the CLKOUT output line. Because sync_clkl_enb is still 
asserted low, CLK1 will not be gated onto CLKOUT while CLKOUT remains asserted 
low. As can be seen at time T2 in Figure 5, the CLK1 feedback signal sync_clkl_enb 
5 will be guaranteed to stay deasserted low at least half a CLK1 cycle after sync_clkl_sel is 
asserted high. Signal sync_clkl_enb, which is always asserted on a negative edge of 
CLK1 ? will guarantee that CLK1 is switched onto CLKOUT at the next rising edge of the 
CLK1 signal. Therefore, no glitch can occur on the CLKOUT line. 

When the CLKSEL signal is asserted low, in Figure 5 at time T3, the 

10 sync_clkl_sel will stay asserted high because the sync_clkl_enb signal is asserted high, 
thereby ensuring that CLK1 is still selected after at least half a CLK1 period. After the 
CLKSEL signal is asserted low asynchronously to either the CLK1 or CLK2 signals, 
sync_clkl_enb will be deasserted low, in gating CLK1 onto the CLKOUT output line. 
When sync clkl enb switches to low, CLKOUT is already at the low cycle of CLK1, 

1 5 therefore no glitch can occur on the CLKOUT output line, because the CLK to Q delay of 
flip-flop 116 is greater than the cell and interconnect delay of the CLK1 signal at the 
input of AND gate 132. Signal sync_clkl_sel is asserted high for at least half a CLK2 
period after sync_clkl_enb is deasserted low. Again, sync_clkl_sel is deasserted low 
when both the inputs of the multiplexer are low, in Figure 5 at time T4 ? guaranteeing that 

20 the CLKOUT signal is glitch free during the switching period. 

A clock switching mechanism according to the disclosed embodiment is not 
dependent on the frequency and phase of the two clock sources and is guaranteed to work 
for any phase or frequency relationship between the two clock sources. During a clock 
switch indicated by the CLKjSEL signal, the CLKOUT signal will continue to remain 

25 low after the last clock low of the previous clock for at least half a period of the new 
clock. 

Also, the disclosed embodiment is robust in that it can tolerate glitches on the 
CLKJSEL line and guarantees the clock switching circuit C will work correctly because 
the CLKOUT signal is glitch free and only flip-flop outputs are used to control gating and 
30 selection of the multiplexer 134 whenever both its inputs are low. 

Provided below is exemplary hardware description code (in this case, Verilog 
RTL (Register Transfer Level)) for the clock switching circuit of Figure 1, along with a 
table providing general descriptions for the variables within the code. Those skilled in 
the art will readily relate and correlate the table and code below with the other disclosure 
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provided herein. It should be apparent to those skilled in the art that other 
implementations of the clock switching circuit are possible. 


Variable Name 

Description 

CLK1 

System clock 1 

CLK2 

System clock 2 

CLKSEL 

Asynchronous clock select ("1" = CLK1 7 


"0" = CLK2) 

RST1JL 

System reset synchronized to CLK1 

RST2_L 

System reset synchronized to CLK2 

CLKOUT 

Output global clock 

meta_clkl_sel 

First stage sync mux select 

sync_clkl_sel 

Synchronized mux select line 

meta_clkl_enb 

First stage sync CLK1 enable 

sync_clkl_enb 

Synchronized CLK1 enable 


module ciksw (CLK1, CLK2 T CLK„SEL, RST1_L, RST2J-, CLKOUT); 
5 input CLK1; 

input CLK2; 

input CLKSEL; 

input RST1J.; 

input RST2_L; 
10 output CLKOUT; 

reg meta_clk1_sel; 

reg sync_c!k1_sel; 

reg meta_clk1 „enb; 

reg sync_clk1_enb; 
15 always @(posedge CLK2 or negedge RST2_L) 

begin 

if (~RST2_L) 

meta_clk1_sel <= 1'bO; 

else 

20 meta_cik1__sel <= (CLK_SEL | sync_clk1_enb); 

end 
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always @(negedge CLK2 or negedge RST2_L) 
begin 

if (-RST2J.) 

sync_cik1_sel <= 1'bO; 

5 else 

sync_clk1_sel <= meta_clk1_sel; 

end 

always @(posedge CLK1 or negedge RST1 J_) 
begin 

10 if (~RST1_L) 

meta_clk1_enb <= 1'bO; 

else 

meta_clk1__enb <= (CLK_SEL & sync_clk1_sel); 

end 

15 always @(negedge CLK1 or negedge RST1_L) 

begin 

if (~RST1_L) 

sync_clk1_enb <= 1'bO; 

else 

20 sync_clk1_enb <= meta__clk1_enb; 

end 

assign CLKJDUT = (syncclk1_sel) ? (CLK1 & sync_clk1_enb) : CLK2; 
endmodule 

The above Verilog RTL can be synthesized using a cell based array library or any 
25 standard cell library to realize the gate implementation of a disclosed embodiment as 
shown in Figure 2b. Buffers and inverters 202-214 are artifacts of the synthesization 
technique of the cell based array library and one skilled in the art will recognize that other 
Verilog RTL synthesization techniques could be used to produce logically equivalent 
synthesizations with different numbers of buffers and inverters without departing from 
30 the spirit of the invention. Logic 112-116, 122-126, and 132-134 of Figure 2b are of like 
structure and function as the logic described in connection with Figure 2a bearing the 
same reference numerals. 

Figures 3-5 are timing diagrams showing the effect of injection of glitches into a 
circuit constructed according to the synthesization as shown in Figure 2b. Figure 3 is a 
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timing diagram for an embodiment where CLK1 has a lower frequency than CLK2. 
Signal n226 is a buffered version of signal CLK1. Likewise, signal n223 is a buffered 
version of signal CLK2 that has been passed through inverters 210 and 212. Signal 
meta _clkl_enbl26 shows the output of AND gate 112. Signal meta_clkl_sel51 shows 
5 the output of OR gate 122. Signal meta_clkl__enb shows the output signal from flip-flop 
114, which is connected to the DO input of flip-flop 116. Signal meta_clkljsel is the 
output of flip-flop 124, which is connected to the input DO of flip-flop 126, As can be 
seen in Figure 3, the initial blackened areas of the CLKOUT signal are in an unknown 
state because the flip-flops 114-116 and 124-126 have not been reset. Likewise the 

10 blackened areas of signals meta_clkl__sel51 ? meta_clkl_enb, meta_clkl__seL, 
sync__clkl_enb, and sync_clkl_sel indicate that the status of those signals are unknown 
because the flip-flops 114-116 and 124-126 have not been reset. Figure 3 shows 2ns 
(nanosecond) glitches on the CLK_SEL signal injected at the capturing edge of both 
CLK1 and CLK2. These glitches violate the setup or hold time of the synchronizing flip- 

15 flops 114 and 124 in upper and lower synchronization stages 120 and 110, respectively. 
Glitch 310 is a positive going 2ns glitch. In this case, it can be seen that CLKOUT did 
not glitch and CLKOUT tracked CLK2 correctly with an additional one CLK2 period of 
"low stretch" (i.e., staying in a low state for an additional length of time) introduced 
because the circuit was resolving the glitch 310, due to the sync_clkl_sel signal being 

20 asserted high for one CLK2 period. 

Likewise, injecting a 2ns glitch precisely introduced at the positive capturing edge 
of CLK1 for the lower synchronizing stage 110 flip-flops 1 14-1 16 is shown as glitch 320. 
Glitch 320 violates the setup time of the flip-flops 1 14-116. As can be seen in Figure 3, 
again there is no glitch on the CLKOUT signal and an extra CLK1 period "low stretch" is 

25 introduced because the circuit was resolving the glitch seen, due to the sync_clkl_enb 
signal being asserted low for one CLK1 period. 

Figure 4 is an expanded view of the time period between time CI and time C2 of 
Figure 3, making it easier to see the effect of introducing glitches 310 and 320 onto the 
CLK_SEL signal. As can be seen clearly in Figure 4, the effect of the 2ns glitch is to 

30 force the CLKOUT signal into the low state for an extra CLK2 period (in the case of 
glitch 3 10) or an extra CLK1 period (in the case of glitch 320). As can be observed from 
Figure 4, the disclosed embodiment does not erroneously introduce any additional clock 
edges on the CLKOUT line, thereby further insuring that the CLKOUT line is glitch free 
and guaranteeing the stability of the design. 
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Figure 5 is a timing diagram showing similar transactions in an embodiment 
where the frequency of the CLK1 signal is higher than the frequency of the CLK2 signal 
One skilled in the art will recognize that glitches introduced into the CLK_SEL signal in 
the embodiment shown in Figure 5 will result in the same holding of the CLKOUT signal 
5 low for one additional period as was seen in Figure 4. 

One advantage of this clock switching technique is that the circuit design is 
synchronous in nature and easy to implement. In a system that has multiple sources of 
clocks, this technique provides a flexible system, simplifying the design of the clock 
switching circuit. A further advantage is that the period of time between the clock source 
10 selection signal change and the output clock signal change can be scaled independently of 
the frequencies of the input clock sources. Further, the clock selection technique works 
independently of the frequency of any of the clock sources or system clock frequency. 

Those skilled in the art will appreciate that the disclosed clock switching circuitry 
can be implemented in a schematic-based design or in a hardware description language 
15 such as Verilog or VHDL or any other form of design entry. Further, it should be 
understood that the disclosed clock switching techniques can be applied to a variety of 
processor-based devices other than microcontrollers. 

The foregoing disclosure and description of the various embodiments are 
illustrative and explanatory thereof, and various changes in the components, circuit 
20 elements, code elements, hardware description language, variables, data types, signals, 
and wiring connections, as well as in the details of the illustrated circuitry and 
construction and method of operation may be made without departing from the spirit of 
the invention. 
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